This study examined cross-generational changes in the vowel system of Seoul Korean. Acoustic analyses of the vowel formants of /o/ and /u/, and their Euclidean distances in the vowel space were undertaken to explore an on-going merger of these two vowels as proposed in previous acoustic studies and a phonological analysis by Chae (1999). A robust cross-generational change of /o/ and /u/ was found, more evident for female speakers than for male speakers. For female speakers, with each successive generation, /o/ became increasingly approximated with /u/, regardless of the syllable positions that the target vowels were posited, whereas the cross-generational differences in the Euclidean distances were only shown in the second syllable position for the male speakers. These results demonstrate that 1) women are more advanced than men in the on-going approximation of /o/ and /u/; 2) the approximation of /o/ and /u/ is common in the non-initial position. Taken together, the merger of /o/ and /u/ appears to be in progress in Seoul Korean.
Introduction
The primary goal of this paper is to better understand an on-going vowel change in Seoul Korean by observing how vowel variants are transmitted over three age groups of speakers. It involves the so-called raising of the mid back vowel /o/ and the subsequent approximation of /o/ and /u/.
Several acoustic and/or phonological studies observed this change in a limited set of speakers, or a limited set of lexical words. In the present study, we examine how /o/ and /u/ have changed across three age groups of speakers: 20's, 30's and 40'/early 50's. The apparent-time method we take in this paper 1) Konkuk University, jhan@konkuk.ac.kr 2) Hanyang University, hskang@hanyang.ac.kr This paper was written as part of Konkuk University's research support program for its faculty on sabbatical leave in 2012. We would like to thank all the participants and Tae-Hwan Choi for his help with statistics. is based on the assumption by Labov's model of transmission and incrementation that once the learned linguistic system stabilizes when children reach young adulthood, no structural changes to the vowel system are to be expected, and this system is transmitted to the next generation (Labov, 2001 (Labov, , 2007  cf. Harrington, 2006) . Thus the vowel system of the adult subjects participating in this study is not assumed to undergo further structural changes itself if they stay in the same speech community. Additionally, the inclusion of the above three age groups (20's to early 50's) in particular is based on the results of previous phonetic studies that the change of /o/ and /u/ seems to occur quite recently and thus the speakers over the 50's need not be examined.
The raising of /o/ to /u/ was first documented in the phonological literature. Chae (1999) showed that this change took place historically in some lexical words. It started around the late 1900, and has gone to completion in certain types of lexical words, whereas it is currently underway in other types of words. For example, the vowel /o/ is completely changed to /u/ in many pure Korean words as in halu 'one day' (<-halo), 말소리와 음성과학 제5권 제2호 (2013) motu 'everybody' (<-moto), and cacu 'often' (<-caco). The vowel /u/ in the second syllable of the words in these examples was all developed from /o/ historically. On the other hand, some types of words are undergoing this vowel change, which are grammatical endings such as nominal or verbal endings (to 'also', ko 'and'). The vowel /o/ in these types of words is frequently pronounced as [u] , even though it is not a standard form. Based on these examples, Chae (1999) argued that raising of /o/ to /u/ in non-initial position of words is in progress in Seoul Korean. This change was not necessarily shown to be phonologically conditioned, but rather influenced by various socio-linguistic factors such as gender, social class and age.
According to Chae (1999) , it appears that this change is more frequently found in younger speakers than old speakers, in females than males, and in lower class than upper class.
Acoustic studies have also documented the vowel change of /o/ and /u/. In most experimental work presented before 2000, the vowels /o/ and /u/ were shown to be clearly distinguished such as a mid back vowel (/o/) and a high back vowel (/u/). In Yang (1996) , for instance, twenty Seoul Korean natives speakers (10 for each male and female) with an age of 18 to 27 years participated in the recording of the Korean non-words 'h(V)da' where V=/ɑ, e, ɛ, i, o, u, ɨ, ʌ, y, ö/. His results showed that both male and female speakers produced /u/ which was clearly together. There was a gender difference in that the distance between these two vowels was statistically different for female speakers, but not for male speakers. Similar results were shown in Kim et al. (2006) where tokens of /o/ and /u/ were overlapped, without significant differences. Moon (2006) also showed that these two vowels were very close, but still with statistically significant differences. Jang and Shin (2006) Similarly, Kim (2012) measured the Korean monophthongs produced by 10 native speakers of Korean (using standard Korean) (five for each male and female) and found that /o/ was raised to the position of /u/ and subsequently /u/ was fronted toward /ɨ/.
As such, comparison of previous studies such as Yang (1996) and rather recent work separated by an interval of more than 10 years demonstrates that there are discernible age-based No single study examined the process of vowel change by observing how these two vowels are transmitted over generations of speakers. The current study is designed to provide a much more systematic analysis of this vowel change.
We explicitly examine how /o/ and /u/ are produced differently across three age groups of speakers: 20's, 30's and 40'/50's.
Our approach to explore the vowel change is implemented by measuring the Euclidean distance between /o/ and /u/ in the two-dimensional F1 by F2 plane, based on the F1 and F2 values of each vowel nucleus. This is based on the assumption that vowels are more or less static targets and their positional movement in the vowel space is the only change transmitted across age groups. We draw attention to whether the distance between these two vowels is shortened by each successive age group.
Method

Participants
Thirty-six adult speakers of Seoul Korean participated in the study. The participants were all born, raised and had spent most of their lives in Seoul, Korea, and most of their parents were also raised in Seoul. They fall into three age groups: 20's, 30's, and 40's/early 50's. In each age group, there were 12 speakers 
Procedure
We recorded the participants individually in a sound-proof booth by using a Shure KSM10 microphone and a Tascam 
Results
We begin the presentation of the results with were not significant. Subsequent post-hoc analyses revealed that in the first syllable position, the Euclidean distances of all age groups differed significantly from one another for female speakers (p<.05), but for male speakers, significant differences did not exist between any of the age groups (p>.05). In the second syllable position, significant differences between 20's and 30's, and 20' and 40/50's, but not between 30's and 40/50's for female speakers, while for male speakers, significant differences were only found between 20's and 40/50's.
Based on the statistical results, we can summarize that in the first syllable of the target words, only female speakers showed the vowel change, whereas we found parallel positional changes between male and female speakers in the second syllable of the words, though the degree of change was less clear for male speakers. The results of male speakers might be attributed to the syllable position that the target vowel is posited. It was shown in Chae (1999) that the first syllable of the Korean words is likely to be produced with some accent and in fact the formant change of /o/ was shown to be frequently occurring in the non-initial syllable without any accent. The present results are in good agreement with the observation by Chae (1999) in that unlike the results for the first syllable position, the Euclidean distances are progressively reduced with each younger age group for both male and female speakers.
Taken together, in the first syllable of the target words, only female speakers showed the vowel change, whereas we found parallel positional changes between male and female speakers in the second syllable of the words.
Discussion
This study investigated the change of /o/ and /u/ across three 말소리와 음성과학 제5권 제2호 (2013) First, as for the gender effect, previous sociolinguistic studies have observed two general tendencies on the role of the linguistic differentiation of men and women: first, in the stable sociolinguistic situation, men use a higher frequency of nonstandard forms than women; second, in the majority of linguistic changes, women use a higher frequency of the incoming forms than men (Labov, 1991) . As for the first finding, men are known to be less influenced by the social stigma directed against the nonstandard forms, whereas women are likely to respond to overt prestige associated with them. For example, male speakers are found to use the colloquial form of the progressive ending '-ing' as in [in] more than females in many dialects of English (Labov, 1966; Houston, 1985) .
However, and more importantly to the present study, women are generally the innovators in the systematic sound changes that make up the major mechanisms of linguistic change. A large body of evidence shows that women are ahead of men in most of the linguistic changes in progress (Eckert, 1989; Di Paolo, 1988; Chambers and Hardwick, 1985 among others) . For example, female speakers were in advance of males in the raising of 'o' and the backing of 'a' in the New York City (Labov, 1966) . This trend might have to do with the asymmetry of the childcare situation (Labov, 1991) in that children learn the native language from their primary caregivers, who are women. The phonetic forms that the children are first exposed to are those used by women. Given the situation, they hear relatively advanced forms from their female caregivers and the later influence of the peer group in accelerating or retarding these forms can only operate on the basis of what has been first acquired (Oh, 2011) . Therefore the asymmetry of the caregiving situation is likely to advance female-dominated changes and retard the male-dominated changes.
The present results also showed such a trend: in the first vowel of the target words, male speakers showed no significant difference in the distance between /o/ and /u/ across the three age groups, whereas the distance between /o/ and /u/ decreased progressively with successively younger age group for female speakers. This result indicates that women appear to be in advance of men in the on-going approximation of /o/ and /u/ (Maclagan, Gordon, & Lewis, 1999) .
However, based on the data presented in the present results, it is not clear what causes the approximation of /o/ and /u/. The vowel /o/ may be raising toward /u/ as proposed in previous studies, or the vowel /u/ is lowering toward the position of /o/, or even both. As the vowel space that each speaker is using for the production of Korean monophthongs is not uniform, normalization is necessary in order to clarify this issue, which we leave for future study.
Second, as for the effect of phonological position, there was shown to be a small but significant effect such that when we compared the overall formant patterns of /o/ and /u/ in the vowel space, there appeared to be similar patterns between those of the first syllable and those of the second syllable positions. However, the results of the Euclidean distances between these two vowels showed that in the first syllable position, the distances were progressively reduced with each younger age group only for female speakers, whereas in the second syllable position, both gender group speakers showed such cross-generational reduction pattern.
These results demonstrate that the on-going change of /o/ and /u/ appears to be more clearly manifested in the second syllable position. The syllable-position variability in this study reflects the difference in the rate of sound change that the vowel merger is earlier in the non-initial position than in the initial position which is in good agreement of the phonological analysis that the raising of /o/ to /u/ is common in unaccented syllables (Chae, 1999) .
